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The main objective of this paper is the presentation of a theoretical and quantitative study of the power
requirements that any port considering to install and develop shore to ship connection systems must
consider. Particularly, the current study focuses these requirements for cruise ship ports and their termi-
nals. This paper provides theoretical and quantitative tools and ideas that can be used to estimate main
design parameters such as frequency, voltage and power for high voltage shore connections. Some
models and equations are developed aiming to be able to estimate, with acceptable quality, cruise ship’s
power demand for hoteling services at port. On the other hand, this article is intended to assess ship’s
air pollution impact populated harbour areas to decide whether alternative power supply measures are
feasible. Finally, the assessment model is applied at Barcelona’s cruise piers and case study is dis-
cussed. As a result of that, a daily power demand curve and the consequent air pollution study at the
most crowded situation in this port are obtained.
c© SEECMAR | All rights reserved
1. Introduction
Actually, High voltage shore connection (HVSC) technolo-
gies are enough advanced for apply them to the ships that have
the highest power demand at port, cruise ships. This type of
ships, are such as enormous floating cities that use to have a
very wide list of power consumers and services within their
hoteling services.
According to their mission, cruise ships must always keep
on supplying power to their services with determined power
characteristics and acceptable quality. For that reason, high
voltage shore connection installations, particularly on their shore-
side, have to be designed in the way to supply enough power,
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good quality and compatible parameters. The International Stan-
dard ISO, in their standard ISO/IEC/IEEE 80005-1 High Volt-
age Shore Connection (HVSC) Systems - General requirements,
reference (ISO/IEC/IEEE 80005-1, 2012), provides some re-
quirements and recommendations about how to design the in-
stallation, but it does not provide any idea about how to estimate
the maximum power for which the installation should be de-
signed in function of ships that use to berth at port. In contrast,
Classification Societies do not include complete requirements
for the shore-side of any installation, but they include accept-
able ranges for power, in which frequency and voltage varia-
tions are defined. Moreover, to design and develop these tech-
nologies, ships that use to do port calls at the proposed location
must be considered because once the installation will be con-
structed, it must guarantee compatibility with the widest range
of ships.
Then, it is not hard to understand the importance of first
steps of high voltage shore connection installation’s design. The
accuracy of the designed installations at any port is going to de-
termine their occupancy and consequently their economic via-
bility.
In that way, first step in any design procedure should be
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deciding which are going to be final product characteristics or
specifications. In the present case, to develop the design of
an electric installation, the previous main aspects that must be
considered are voltage, frequency, power demand for hoteling
particularly in Barcelona’s harbour, number of consumers and
national grid characteristics.
Cruise ships that use power for hoteling services in Barcelona’s
harbor and the ISO standard shall be the starting point of con-
sideration for deciding voltage, frequency and power demand.
The maritime sector has always been a high closed sector ac-
cording to ship’s data privacy in many fields. Because of that,
determining the exact value for that magnitudes it is not as easy
as it seems. Aiming to determine all these aspects, some stud-
ies included in references; (Patrick Ericsson and Ismir Fazlagic,
2008; Brown et al., 2006; Merk, 2013; ENVIRON International
Corporation Seaworthy Systems, Inc. et al., 2005); have been
used because of their data collection about cruise ships using
high voltage shore connection at berth, especially the one de-
veloped in San Francisco’s port.
2. Theoretical Determination of Power’s Quality
As has already been mentioned above, determining supplied
power’s magnitudes is always difficult. The difficulty resides in
ship’s power own production. Cruise ship’s power generation
on board depends basically on their wide range of power de-
mand. That range varies between different cruise ships because
the noticeable difference between their mission, small cruise
ships are focused on offering lux and exclusive holidays for ex-
ample, and enormous ones on being able to hold a huge capacity
of passengers and a large list of entertainment activities such as
theatres, casinos or nightclubs within others.
Their mission also depends on the route they are going to
operate on, because of the difference on national grid’s fre-
quency between countries or continents.
Then, according to their mission, cruise ships are designed
with a determined voltage and frequency. Aiming to estimate
the habitual distribution of world’s cruise ships voltages, volt-
age data obtained from (ENVIRON International Corporation
Seaworthy Systems, Inc. et al., 2005) has been used to develop
figure 1.
It can be extracted from it, that ship’s length, which is also
related with ship’s size, is an important variable that use to
influence on cruise ship’s nominal voltage for generation on
board. As it can be seen in figure 1, choosing a determinate
voltage is not possible because there are many different nomi-
nal voltages in cruise ships and it will restrict the commercial
target just within compatible ships and consequently the eco-
nomic and environmental benefits will not be the total possible
ones.
Because of that, the design determination for voltage is not
based on a unique voltage. The best solution is installing some
systems due to allow the global installation supply energy within
the particular voltage range. In that way, all the cruise ships
could use shore side electricity with any problem of compatibil-
ity. Voltage ranges obtained as a result of that study are mainly
Figure 1: Voltage percentage graphs depending on cruise ship’s length
on which the 50% of the listed cruise ships are under 200 meters of
length
Source: prepared by the authors based on ? data
two, one medium voltage and one low voltage range. These
main voltage ranges are: 6.6kV - 11kV for medium voltage and
380V - 450V for low voltage.
Frequency is easier to determinate compared with voltage.
In that case, only two standard frequencies are used; the Eu-
ropean frequency, 50Hz, and the American frequency, 60Hz.
Applying it to cruise ships, it seems that for over 200 meter
ships only 60Hz is used. Then, once again, ship’s length has a
determining influence on ship’s frequency.
Frequency used on board cruise ships is showed by percent-
ages in figure 2. In that case, 60Hz is the most used frequency
on board. But many port are considered strategical international
ports for cruise ships at the sea or ocean they are situated in.
So, in the way to keep that consideration, the installation shall
be able to supply energy in both frequencies. That is why the
design solution must consider the inclusion of frequency con-
verters.
Finally, the design must consider national’s grid character-
istics because it is probably going to be the supplier of the shore
to ship installation by a central substation located at the propin-
quity of port’s installation or inside it. Then it is positive to get
knowledge about how the distribution system is structured and
which electrical characteristics it has.
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Figure 2: Frequency percentage graphs depending on cruise ship’s
length and without taking it into account
Source: prepared by the authors based on ? data
3. Estimating Models Development for Hoteling Power De-
mand
As well as deciding voltage and frequency, maximum power
demand that can be required by cruise ships berthed at port
should be determined aiming to be able to supply enough power
with acceptable quality to all of them. Then, it would be useful
to have a quantitative model to estimate cruise ship’s power de-
mand while they are at berth. That power demand is commonly
known as ’Hoteling Power Demand’.
Some experimental models had been developed aiming to
estimate the maximum power for which the installation must
be designed. Main steps of the modeling process have been:
1. Data collection; As a result of an extended research, a
complete data collection about hoteling power peak val-
ues during the connection in San Francisco’s port for all
type of ships was found. Related studies (Patrick Eric-
sson and Ismir Fazlagic, 2008) and (ENVIRON Interna-
tional Corporation Seaworthy Systems, Inc. et al., 2005)
were the main data source.
2. Once, hoteling power demand peak values were found for
40 cruise ships, an elaborated data chart had been devel-
oped completing technical specifications of each selected
cruise that appears in the study. With all these informa-
tion, some hoteling power demand models had been done
by the relation between how much power a cruise ship de-
mand for hoteling and one characteristic of that ship, in-
cluding, number of passengers, gross tonnage and ship’s
length.
As a result of using regression methods, and testing them
by studying their correlation factor, many models have been
obtained. The most reliable ones are showed in figures 3, 4 and
5.
Figure 3: Model 1 - Hoteling/Length ratio by linear regression. Ob-
tained correlation factor of 0.8
Source: Authors
Figure 4: Model 2 - Hoteling/Gross tonnage ratio by logarithmic regres-
sion. Obtained correlation factor of 0.82
Source: Authors
Finally, after comparing all the models, the logarithmic re-
gression between hoteling power demand and gross tonnage
seems to be the one who has the higher correlation factor. Oth-
erwise, looking the situation of each point in all the diagrams,
it can be deduced that the real tendency of hoteling demand
is divided in two parts, and the biggest ships are usually far
from the tendency curve such as exceptional consumers. Aim-
ing to develop a very reliable model some cruise ships with
very particular characteristics have been deleted from model’s
data to evaluate their influence in the obtained models. The
most appreciable influence take place in models 2 and 3, on
which these changes modify their accuracy from 0.82 to 0.876
and from 0.808 to 0.849 respectively. These new models are
showed next:
Obtaining a perfect regression is difficult because it is not a
proportional increase. For that reason and for practical use all
the models had been tested to consider which was better to cal-
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Figure 5: Model 3 - Hoteling/Gross tonnage ratio by potential regres-
sion. Obtained correlation factor of 0.808
Source: Authors
Figure 6: Model 4 - Improved model from Model 2. Obtained correla-
tion factor of 0.876
Source: Authors
Figure 7: Model 5 - Improved model from Model 3. Obtained correla-
tion factor of 0.849
Source: Authors
culate the total demand in Barcelona’s cruise piers. Although
the demonstrated accuracy and correlation of the improved last
two models, after testing all of them, the one that provides the
highest results for power demand and the widest range of appli-
cation is the one based on gross tonnage and potential tendency.
Then, that model can be applied for any cruise ships. Choosing
that model, the dimensioning of the installation may be over
dimensioned, but this is better than dimensioning it for lower
power demand, in which case, it may not be enough for supply-
ing all the consumers.
4. Barcelona’s harbour Case Study
Once models had been developed, hoteling power demand
can be approached for all cruise ships and for any existing har-
bor. Barcelona’s cruise piers have the total capacity of 9 cruise
ships at the same time. According to (Barcelona’s port, 2013a)
and due to one of these piers is an ’extra’ pier for maneuverabil-
ity the installation design is going to consider just 8 simultane-
ous consumers. To demonstrate its application at Barcelona’s
cruise harbour, maritime traffic statistics and previsions from
port authorities has been used to approach the common daily
schedule of the biggest cruise ships that usually do port calls in
the city. These cruise ships are listed below:
Table 1: Biggest cruise ships that use to do port call at Barcelona’s harbour
during 2013 and 2014
Ship’s name L (m) GT (ton)
OASIS OF THE SEAS 361 225282
LIBERTY OF THE SEAS 339 160000
INDEPENDENCE OF THE SEAS 339 160000
REGAL PRINCESS 330 142000
NORWEIGAN EPIC 330 155000
MSC SPLENDIDA 333 133500
MSC FANTASIA 333 138000
CELEBRITY EQUINOX 315 122000
Source: prepared by the authors based on (Barcelona’s port, 2013b,c, 2014a) where:
L= Length between perpendiculars in meters
GT=Gross Tonnage in tonnes
Aiming to obtain a daily power demand curve, gross ton-
nage of these cruise ships were used to substitute the variable
in the chosen obtained model based on gross tonnage. As a re-
sult of that, power demand for the listed cruise ships had been
approached. That power results are showed in the following
table:
Table 2: Estimated power peak values required by hoteling services for cruise
ships listed in 1, by using model 3
Ship’s name Hoteling (kW/h)
OASIS OF THE SEAS 11213.8
LIBERTY OF THE SEAS 9791.4
INDEPENDENCE OF THE SEAS 9791.4
REGAL PRINCESS 9339
NORWEIGAN EPIC 9669
MSC SPLENDIDA 9113.2
MSC FANTASIA 9233.8
CELEBRITY EQUINOX 8793.6
Source: Prepared by the authors
The last step was the implementation of a daily curve based
on ship’s habitual schedule to represent that consume during the
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Table 3: Estimated habitual schedule for cruise ships at Barcelona’s harbor for
cruise ships listed in 1. Elaborated from (Barcelona’s port, 2013b,c, 2014a,b,
2015)
Ship’s name Arrival Time Departure Time
OASIS OF THE SEAS 5:00 am 7:00 pm
LIBERTY OF THE SEAS 5:00 am 5:00 pm
INDEPENDENCE OF THE SEAS 7:00 am 7:00 pm
REGAL PRINCESS 5:00 am 7:00 pm
NORWEIGAN EPIC 5:00 am 6:00 pm
MSC SPLENDIDA 8:00 am 6:00 pm
MSC FANTASIA 12:00 am 5:00 pm
CELEBRITY EQUINOX 5:00 am 5:00 pm
Source: Prepared by the authors
day. The considered schedule had been summarized in table 3,
showed next:
The following daily power demand curve for hoteling ser-
vices, showed as figure 8, has been developed by using the men-
tioned model and all the exposed data in the current section:
Figure 8: Daily power demand curve developed by using model 3
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5. Air Pollution’s reduction by using HVSC
Air pollution is the main contributor to the global warming
and the climate change (Daniel J.Jacob and Darrell A. Win-
ner, 2009). In the last few years, all international organiza-
tions have tried to elaborate rules, regulations and other type
of means aiming to control and reduce emission’s contribution
to gl bal warming. The reality is that sustainability is no longer
a choice (Paul Polman, CEO of Unilever, 2016) and the soci-
ety must face the p oblem and choose sustainability such as the
main evolution pattern.
According to emission’s impact, the last purpose of this pa-
per is to use the obtained model to estimate air pollution from
ships over Barcelona while they are at berth. According to
(ENTEC UK, 2005), table 4 and 5 show an emission factor
for each type of gas that contributes on air pollution and to in-
crease global warming, produced due to power’s generation by
to ways. The first way is by generating it with on board aux-
iliary Engines using 0.1% Marine Distillate (MD) such as fuel
according to the Directive 2005/33/EC, (Official Journal of the
European Union, 2008). The second way is by generating it by
European’s generation sources such as power plants within oth-
ers. The result of the comparative shows a huge reduction on
pollution
Table 4: Pollution averages and pollution emission factors
Pollution Average NOx(g/kWh)
S 02
(g/kWh)
VOC
(g/kWh)
PM
(g/kWh)
(A) Using Auxiliary
Engines 11.8 0.46 0.40 0.30
(B) Using Electricity
Production 0.35 0.46 0.02 0.03
(A − B) Emission
Reduction 11.41 0 0.38 0.27
Emission’s
Variation (%) -97.7 0 -95 -90
Source: ENVIRON, refence (ENTEC UK, 2005)
Table 5: Pollution averages and pollution emission factors
Pollution Average CO2(g/kWh)
CO
(g/kWh)
CH4
(g/kWh)
N2O
(g/kWh)
(A) Using Auxiliary
Engines 720 1.3 0.01 0.031
(B) Using Electricity
Production 330 0.0125 0.028 0.014
(A − B) Emission
Reduction 390 1.29 -0.018 0.017
Emission’s
Variation (%) -54.17 -99.04 80 -54.84
Source: ENVIRON, refence (ENTEC UK, 2005)
To calculate emissions per berth, as it can be seen above ta-
bles 4 and 5, time and power demand of electricity are needed
to convert the averages in real values. Then, to be able to cal-
culate them, the daily power demand curve obtained in the pre-
vious section, corresponding to figure 8, is going to be used
for obtaining how much power cruise ships can consume while
they are at berth during one day of the most crowded passengers
traffic, August or October.The procedure used for that, was just
calculating the area under the curve. That step, has been imple-
mented by Simpson’s integration method.
The result of that calculus is 957930.35 kW. Time is not
needed for calculating the emissions because that power value
is a result of the integration during time. The representation of
that procedure is showed in the next figure:
Figure 9: Area under the obtained daily power demand curve to inte-
grate for obtaining total kW demanded on one day
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Then, once the total power consumption during one day 
is known, the last step is multiplying it per all the 
averages exposed in the last section aiming to obtain 
estimated values for each emission type from ships. As 
a result of that, the following chart was developed: 
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Barcelona’s cruise harbour 
Source: prepared by the authors  
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paper, the chosen one to develop pollution’s estimation 
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case this model or this method would be applied to any 
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(g/kWh) 
PM 
(g/kWh) 
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11.8 0.46 0.40 0.30 
(B) Using 
Electricity 
production  
0.35 0.46 0.02 0.03 
(A-B) Emission 
reduction  
11.41 0 0.38 0.27 
Emission’s 
variation (%) 
-96.7 0 -95 -90 
Pollution average 
𝑪𝑶𝟐  
(g/kWh) 
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𝑪𝑯𝟒 
(g/kWh) 
𝑵𝟐𝑶  
(g/kWh) 
(A) Using Auxiliary 
Engines 
720 1,3 0.01 0.031 
(B) Using 
Electricity 
production 
330 0.0125 0.028 0.014 
(A-B) Emission 
reduction using 
HVSC 
390 1.29 -0.018 0.017 
Emission’s 
variation (%) 
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Type of emission Quantity (kg) 
Percentage over 
total (%) 
𝑺𝑶𝒙 11303.6 1.607 
𝑵𝑶𝟐 440.65 0.063 
VOC 383.17 0.054 
PM 287.38 0.041 
𝑪𝑶𝟐 689709.85 98.052 
CO 1245.31 0.177 
𝑪𝑯𝟒 9.58 0.001 
𝑵𝟐𝑶 29.7 0.004 
Source: Authors
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Then, once the total power consumption during one day is
known, the last step is multiplying it per all the averages ex-
posed in the last section aiming to obtain estimated values for
each emission type from ships. As a result of that, the following
chart was developed:
Table 6: Estimated values for emission quantities from cruise ships divided in
each type of pollutant during the most possible polluting day at Barcelona’s
cruise harbour
Type of Emission Quantity (kg) Percentage OverTotal (%)
SOx 11303.6 1.607
NO2 440.65 0.063
VOC 383.17 0.054
PM 287.38 0.041
CO2 689709.85 98.052
CO 1245.31 0.177
CH4 9.58 0.001
N 2O 29.7 0.004
Source: Prepared by authors
6. Results and Discussion
The objectives of this paper, as it is mentioned in its intro-
duction and abstract, are focused into two main facts.
First, an optimized model is developed shaped in equation
form, to estimate maximum power demand that any cruise ship
can demand for hoteling services while it is berthed at port. As
it has been commented along all the paper, the chosen one to
develop pollution’s estimation was selected basing the decision
on being sure that in case this model or this method would be
applied to any port, in the worst case, the installation would be
oversized but would be able to supply the required power. In ad-
dition, to develop the chosen model any corrections have been
done as they were done for models 4 and 5. In the following
table, all models are listed with their characteristics:
Table 7: Obtained model’s summary, their input and their correlation factor
Model Equation Variable (x) R
1 y = 26.889 · x + 131.76 Length - meters 0.8
2 y = 1767.8 · ln(x) − 1277 Gross tonnage- tonnes 0.82
3 y = 84.71 · x0.3964 Gross tonnage- tonnes 0.808
4 y = 1723.6 · ln(x) − 12452 Gross tonnage- tonnes 0.876
5 y = 69.702 · x0.4096 Gross tonnage- tonnes 0.849
Source: Prepared by authors
Then, it is clear to guess that model 2 is the most reli-
able one within the first three models developed with the whole
cruise ship’s list. That’s why, in consequence, model 4 devel-
oped by improving model 2 is the most reliable one from cor-
relation’s factor point of view because it has the highest one.
In contrast, must be considered that to develop model 4 and
5 some cruise ships have been removed from the original list
used to develop models 1, 2 and 3. Because of that, these mod-
els produce better estimations than the first three models but,
their application cruise ship range is not as wide as the one for
models 1,2 and 3.
As regard to the obtained daily power demand curve, it must
be considered that it has been developed with power peak val-
ues of the biggest cruise ships. Consequently, the installation
would not probably have to supply that amount of power for
one day, even if that day is the most crowded day in terms of
cruise ships occupation at Barcelona’s harbour. The estimation
is done to know the maximum power that could have to be sup-
plied in the worst case, but in that case, this value will not be
maintained more than two hours. Then, a service factor must be
considered. Aiming to improve the developed method, power’s
estimation value that is going to be considered is the 40% of the
obtained as a result of integrating daily’s power demand curve.
This consideration is based on the fact that cruise ships do not
demand the same amount of power simultaneously during the
day.
Because of that a service factor of 0.40 have been consid-
ered. That value cannot be constant, but it is a good way to
calculate an accurate estimation. This variation between real
daily power demand and the calculated one is represented in
figure 10.
The calculated power demand is going to variate along the
year because of the seasons and the most touristic months de-
manded by the passengers such it can be seen in figure 11. In
that way, if one year’s power consumption or air’s pollution
would like to be developed, the developed models of that paper
can be adapted for that aim.
Figure 10: Comparative between daily power demand maximum values,
obtained from case study, and real values, elaborated with aleatory
loads aiming to represent service factor effect
port, in the worst case, the installation would be 
oversized but would be able to supply the required 
power. In addition, to develop the chosen model any 
corrections have been done as they were done for 
models 4 and 5. In the following table, all models are 
i ted with their characteristics: 
Table 7 – Obtained model’s summary, their input and their correlation 
factor 
Model Equation Variable (x) R 
1 𝑦 = 26.889 · 𝑥 +  131.76 Length - meters 0.8 
2 𝑦 = 1767.8 · ln(𝑥) − 12577 
Gross 
tonnage - 
tonnes 
0.82 
3 𝑦 = 84.71 · 𝑥0.3964 
Gross 
tonnage - 
tonnes 
0.808 
4 𝑦 = 1723.6 · ln(𝑥) − 12452 
Gross 
tonnage - 
tonnes 
0.876 
5 𝑦 = 69.702 · 𝑥0.4096 
Gross 
tonnage - 
tonnes 
0.849 
Source: prepared by the authors  
 
Then, it is clear to guess that m del 2 is the most 
reliable one within the first three models developed 
with the whole cruise ship’s list. That’s why, in 
consequence, model 4 developed by improving model 
2 is the most reliable one from correlation’s factor 
oint of view because it has the highest one. In 
contrast, must be considered that to develop model 4 
and 5 some cruise ships have b en removed from the 
or ginal list used to develop models 1, 2 and 3. 
Becau e of that, these models pr uce better 
estimations than the first three models but, their 
application cruise ship range is not as wide as the one 
for odels 1,2 and 3.  
 
As regard to the obtained daily power demand curve, 
it must be considered that it has been developed with 
power peak values of the biggest cruise ships. 
Consequently, the installation would not probably 
have to supply that amount of power for one day, even 
if that day is the most crowded day in terms of cruise 
ships occupation at Barcelona’s harbour. The 
estimation is done to know the maximum power that 
could have to be supplied in the worst case, but in that 
case, this value will not be maintained more than two 
hours. Then, a service factor must be considered. 
Aiming to improve the developed method, power’s 
estimation value that is going to be considered is the 
40% of the obtained as a result of integrating daily’s 
power demand curve. This consideration is based on 
the fact that cruise ships do not demand the same 
amount of power simultaneously during the day. 
Because of that a service factor of 0.40 have been 
considered. That value cannot be constant, but it is a 
good way to calculate an accurate estimation. This 
variation between real daily power demand and the 
calculated one is represented in figure 10. 
 
The calculated power demand is going to variate along 
the year because of the seasons and the most touristic 
months demanded by the passengers such it can be seen 
in figure 11. In that way, if one year’s power 
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adapted for that aim. 
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Figure 11– Annual variation of passenger traffic through Barcelona cruise 
terminals during 2014 and 2015 
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Second, quantify and evaluate polluting emissions. 
Without the consideration about the service factor, 
pollution results are too far from real ones because they 
are obtained using the developed models. But, it can be 
truly observed in table 6 that the amount of 𝐶𝑂2 which 
combustion engines produce has a 98 % over the total 
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Second, quantify and evaluate polluting emissions. With-
out the consideration ab ut the service fact r, pollution results
are too far from real ones because they are obtained using the
developed models. But, it can be truly observed in table 6 that
the amount of CO2 which combustion engines produce has a
98% over the total emissions. Sulphur oxides emissions are the
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Figure 11: Annual variation of passenger traffic through Barcelona
cruise terminals during 2014 and 2015
port, in the worst case, the installation would be 
oversized but would be able to supply the required 
power. In addition, to develop the chosen model any 
corrections have been done as they were done for 
models 4 and 5. In the following table, all models are 
listed with their characteristics: 
Table 7 – Obtained model’s summary, their input and their correlation 
factor 
Model Equation Variable (x) R 
1 𝑦 = 26.889 · 𝑥 +  131.76 Length - meters 0.8 
2 𝑦 = 1767.8 · ln(𝑥) − 12577 
Gross 
tonnage - 
tonnes 
0.82 
3 𝑦 = 84.71 · 𝑥0.3964 
Gross 
tonnage - 
tonnes 
0.808 
4 𝑦 = 1723.6 · ln(𝑥) − 12452 
Gross 
tonnage - 
tonnes 
0.876 
5 𝑦 = 69.702 · 𝑥0.4096 
Gross 
tonnage - 
tonnes 
0.849 
Source: prepared by the authors  
 
Then, it is clear to guess that model 2 is the most 
reliable one within the first three models developed 
with the whole cruise ship’s list. That’s why, in 
consequence, model 4 developed by improving model 
2 is the most reliable one from correlation’s factor 
point of view because it has the highest one. In 
contrast, must be considered that to develop model 4 
and 5 some cruise ships have been removed from the 
original list used to develop models 1, 2 and 3. 
Because of that, these models produce better 
estimations than the first three models but, their 
application cruise ship range is not as wide as the one 
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it must be considered that it has been developed with 
power peak values of the biggest cruise ships. 
Consequently, the installation would not probably 
have to supply that amount of power for one day, even 
if that day is the most crowded day in terms of cruise 
ships occupation at Barcelona’s harbour. The 
estimation is done to know the maximum power that 
could have to be supplied in the worst case, but in that 
case, this value will not be maintained more than two 
hours. Then, a service factor must be considered. 
Aiming to improve the developed method, power’s 
estimation value that is going to be considered is the 
40% of the obtained as a result of integrating daily’s 
power demand curve. This consideration is based on 
the fact that cruise ships do not demand the same 
amount of power simultaneously during the day. 
Because of that a service factor of 0.40 have been 
considered. That value cannot be constant, but it is a 
good way to calculate an accurate estimation. This 
variation between real daily power demand and the 
calculated one is represented in figure 10. 
 
The calculated power demand is going to variate along 
the year because of the seasons and the most touristic 
months demanded by the passengers such it can be seen 
in figure 11. In that way, if one year’s power 
consumption or air’s pollution would like to be 
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Source: Barcelona cruise traffic statics
other big type of emissions that they can produce with an 1,6%
over the total. Then, CO2 emission’s supremacy is completely
confirmed. Consequently, applying the mentioned service fac-
tor results for air pollution emissions or emission averages at
Barcelona’s harbour must be the 40% of the obtained values
du to their ependence from t tal power’s estimation during
one day. Then, the final r sul s re:
Table 8: Final values for emission quantities from cruise ships divided in each
type of pollutant during the most crowded situation at Barcelona’s cruise har-
bour
Type of Emission Quantity (ton)per day
SOx 4.521
NO2 0.176
VOC 0.153
PM 0.115
CO2 275.884
CO 0.498
CH4 0.004
N2O 0.012
Source: Prepared by authors
The obtained results seem to be very high but to evaluate
them, they must be compared with reliable values. For that rea-
son, reference (Official Journal of the European Union, 2008)
has been consulted to determine pollution contributions on am-
bient air quality in the city of Barcelona which is based on the
Directive 2008/50/EC about air quality for Europe. That Direc-
tive, which is incorporated in Spanish laws by the ”Real De-
creto 102/2011” and modified by the ’Real Decreto 678/2014;
(BOE, 2011) and (BOE, 2014); incorporates an assessment of
ambient air quality just in relation to Sulphur dioxide, nitrogen
dioxide and oxides of nitrogen, particulate matter, lead benzene
and carbon monoxide. Within it group of gases, just Sulphur
dioxide, nitrogen dioxide, oxides of nitrogen, particulate matter
and carbon monoxide can be used for the present paper. Limit
values for the protection of human health are showed in the fol-
lowing tables:
As it can be seen in the exposed tables, limit values are ex-
pressed by concentration units (µg/m3 or mg/m3). Aiming to
evaluate the obtained results by using the model, volume units
shall be obtained by determining an experimental volume to es-
Table 9: Limit values for the protection of human health according to Directive
2008/50/EC - Sulphur dioxides
Sulphur Dioxide
Averaging
Period Limit Value
Limit times
not to exceed
Margin of
Tolerance
One hour 350µg/m3 24/year
150µg/m3
(43%)
One day 125µg/m3 3/year None
Table 10: Limit values for the protection of human health according to Directive
2008/50/EC - Nitrogen dioxide
Nitrogen Dioxide
Averaging
Period Limit Value
Limit times
not to exceed
Margin of
Tolerance
One hour 200µg/m3 18/year None
Calendar year 40µg/m3 0 None
timate such as the sample. The determination of the main emis-
sion area which is object of this estimation must be Barcelona’s
port. According to (Ajuntament de Barcelona, 2014), the high-
est concentration levels for Nitrogen Oxides and Particulate Mat-
ter are situated over port’s whole extension. These concen-
trations and they distribution over Barcelona cruise piers are
showed in the following figures:
Figure 12: Barcelona cruise piers
emissions. Sulphur oxides emissions are the other big 
type of emissions that they can produce with an 1,6 % 
over the total. Then, 𝐶𝑂2 emission’s supremacy is 
completely confirmed.  
 
Consequently, applying the mentioned service factor 
results for air pollution emissions or emission averages 
at Barcelona’s harbour must be the 40% of the 
obtained values due to their dependence from total 
power’s estimation during one day. Then, the final 
results are: 
Table 8 – Final values for emission quantities from cruise ships divided in 
each type of pollutant during the most crowded situation at 
Barcelona’s cruise harbour 
Source: prepared by the authors. 
 
The obtained results seem to be very high but to 
evaluate them, they must be compared ith reliable 
values. For that reason, reference [22] has been 
consulted to determine pollution contributions on 
ambient air quality in the city of Barcelona which is 
based on the Directive 2008/50/EC about air quality 
for Europe. That Directive, which is incorporated in 
Spanish laws y the “R al Decreto 102/2011” and 
modifi d by the “Real Decreto 678/2014”; [24] and 
[25]; incorporates an assessment of ambient air quality 
just in relation to Sulphur dioxide, nitrogen dioxide 
and oxides of nitrogen, particulate matter, lead 
benzene and carbon monoxide. Within it group of 
gases, just Sulphur dioxide, nit ogen dioxide, oxides 
of nitrogen, particulate matter and carbon monoxide 
can be used for the present paper. Limit values for the 
protection of human health are showed in the 
following tables: 
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Directive 2008/50/EC – Sulphur dioxides 
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Source: Directive 2008/50/EC 
 
As it can be seen in the exposed tables, limit values are 
expressed by concentration units (𝜇𝑔/𝑚3 or 𝑚𝑔/𝑚3). 
Aiming to evaluate the obtained results by using the 
model, volume units shall be obtained by determining 
n experimental volume to es imate such as the s mple. 
The determination of the main emission area which is 
object of this estimation must be Barcelona’s port. 
According to [18], the highest concentration levels for 
Nitrogen Oxides and Particulate Matter are situat d ver 
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distribution over Barcelona cruise piers are showed in 
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Figure 12 – Barcelona cru  piers 
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Type of emission Quantity (ton) per day 
𝑺𝑶𝒙 4.521 
𝑵𝑶𝟐 0.176 
VOC 0.153 
PM 0.115 
𝑪𝑶𝟐 275.884 
CO 0.498 
𝑪𝑯𝟒 0.004 
𝑵𝟐𝑶 0.012 
Sulphur dioxide 
Averaging 
Period Limit value 
Limit times 
not to exceed 
Margin of 
tolerance 
One hour 350 𝜇𝑔/𝑚3 24/year 150 𝜇𝑔/𝑚3 (43%) 
One day 125 𝜇𝑔/𝑚3 3/year None 
Nitrogen dioxide 
Averaging 
Period Limit value 
Limit times 
not to exceed 
Margin of 
tolerance 
One hour 200 𝜇𝑔/𝑚3 18/year None 
Calendar year 40 𝜇𝑔/𝑚3 0 None 
Carbon monoxide 
Averaging 
Period Limit value 
Limit times 
not to exceed 
Margin of 
tolerance 
Maximum 
daily eight 
hours  
10 𝑚𝑔/𝑚3 18/year 60% 
PM-10 
Averaging 
Period Limit value 
Limit times 
not to exceed 
Margin of 
tolerance 
One day 50 𝜇𝑔/𝑚3 35/year 50% 
Calendar year 40 𝜇𝑔/𝑚3 0 20% 
Source: Google 
Source: Google Maps
Once the area with the highest concentration is identified, it
is going to be considered such as the main destination of cruise
emissions without considering wind effect. Aiming to estimate
a volume to test the obtained results and to simplify calcula-
tions the sample which is going to be supposed for this section
is a hemisphere. Its center is supposed to be located at the same
distance from the furthest two berthing points and it is going to
have a radius equal to 2,5 kilometers. According to the men-
Table 11: Limit values for the protection of human health according to Directive
2008/50/EC - Carbon monoxide
Carbon Monoxide
Averaging
Period Limit Value
Limit times
not to exceed
Margin of
Tolerance
One hour 10µg/m3 18/year 60%
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Table 12: Limit values for the protection of human health according to Directive
2008/50/EC - Particulate matter (PM-10)
PM-10
Averaging
Period Limit Value
Limit times
not to exceed
Margin of
Tolerance
Maximum
daily eight
hours
50µg/m3 35/year 50%
Calendar year 40µg/m3 0 20%
Figure 13: Nitrogen oxides (left) and Particulate matter10 (right) con-
centration distribution, based on calendar year average and forecasted
at Barcelona’s coast for 2018
Figure 13 – Nitrogen oxides (left) and Particulate matter10 (right) 
concentration distribution, based on calendar year average and forecasted 
at Barcelona’s coast for 2018 
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Once the area with the highest concentration is 
identified, it is going to be considered such as the main 
destination of cruise emissions without considering 
wind effect. Aiming to estimate a volume to test the 
obtained results and to simplify calculations the 
sample which is going to be supposed for this section 
is a hemisphere. Its center is supposed to be located at 
the same distance from the furthest two berthing points 
and it is going to have a radius equal to 2,5 kilometers.  
According to the mentioned data, the hemisphere 
volume would be 3,2724 · 1010 𝑚3. Then using the 
estimated volume, concentrations can be estimated for 
the obtained results expressed by mass units. The used 
sampled is considered for one day. In the following 
table concentration values for the gases limited by the 
Directive 2008/50/EC are showed and contrasted with 
limit values for the protection of human health. 
 
Table 11 – Comparison between limit values for the protection of 
human health according to Directive 2008/50/EC and obtained results 
Source: prepared by the authors. 
 
Just Sulphur oxides and Particulate Matter can be 
contrasted with limit values provided by the Directive 
because these values for each gas, as it can be seen in 
tables 9, 10, 11, 12, are not uniform according to their 
averaging period.  
 
Sulphur oxides are a 10% over the limit but the 
estimation has been developed during the most 
crowded day in terms of cruise ships. Particulate 
Matter are within the acceptable limit so it is not the 
most worrying emission. The percentage of emissions 
from ships that contributes to the total emissions over 
Barcelona is used to be nearly the same, and it is used to 
be between the 45% and 55%. In figures 14 and 15 these 
contribution is represented for Nitrogen oxides and 
Particulate Mater 10 because no others were found. 
 
Figure 14 – Contributions of Nitrogen oxides emission in terms of their 
origin  
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Figure 15 – Contributions of Particulate Matter 10 emission in terms of 
their origin 
Source: Ajuntament de Barcelona 
 
 
Conclusions 
The shore side of any high voltage shore connection 
installation is always hard to design for cruise ship 
harbours due to the high power demand that this type of 
ships uses to need. Specially, it is hard to decide design 
power parameters such as frequency, voltage and the 
maximum amount of power it would be able to supply. 
 
Voltage is strongly hard to decide, because big cruise 
ships use to have nominal voltages from 6,6 to 11kV 
A.C. That two limits are the most standardized nominal 
voltages for that systems according to the International 
Standardization Organisation (ISO), [1]. Then, as it 
provides the mentioned Standard, high voltage shore 
connections shall be able to supply power with nominal 
voltages of 6,6 kV A.C. and/ or 11kV A.C. In that way, 
if these systems would be able to supply power with both 
nominal voltages, distribution systems will be more 
expensive and hard to design because all connection 
points should offer the same versatility in front of 
Type of 
emission 
Concentration Limit 
value 
Difference against 
limit values 
𝑺𝑶𝒙 
138,15 𝜇𝑔/𝑚3 125 𝜇𝑔/𝑚3 +10,52% 
PM 3,51  𝜇𝑔/𝑚
3 50 𝜇𝑔/𝑚3 -92,97% 
Source: Ajuntament de Barcelona
tioned data, the hemisphere volume would be 3, 2724 · 1010m3.
Then using the estimated volume, concentrations can be esti-
mated for the obtained results expressed by mass units. The
used sampled is considered for one day. In the following ta-
ble concentration values for the gases limited by the Directive
2008/50/EC are showed and contrasted with limit values for the
protection of human health.
Table 13: Comparison between limit val es for the protection of human health
according to Directive 2008/50/EC and obtained results
Type of
Emission Concentration
Limit
Value
Difference Against
Limit Values
SOx 138.15µg/m3 125µg/m3 +10.52%
PM 3.51µg/m3 50µg/m3 -92.97%
Just Sulphur oxides and Particulate Matter can be contrasted
with limit values provided by the Directive because these val-
ues for each gas, as it can be seen in tables 9, 10, 11, 12, are not
uniform according to their averaging period. Sulphur oxides are
a 10% over the limit but the estimation has been devel ped dur-
ing the most crowded day in terms of cruise ships. Particulate
Matter are within the acceptable limit so it is not the most wor-
rying emission. The percentage of emissions from ships that
contributes to the total emissions over Barcelona is used to be
nearly the same, and it is used to be between the 45% and 55%.
In figures 14 and 15 these contribution is represented for Ni-
trogen oxides and Particulate Mater 10 because no others were
found.
Figure 14: Contributions of Nitrogen oxides emission in terms of their
origin
Figure 13 – Nitrogen oxides (left) and Particulate matter10 (right) 
concentration distribution, based on calendar year average and forecasted 
at Barcelona’s coast for 2018 
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Figure 15 – Contributions of Particulate Matter 10 emission in terms of 
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Figure 15 – Contributi ns of Particulate atter 10 e ission in terms of 
their origin 
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ships uses to need. Specially, it is hard to decide design 
power parame ers such as frequency, voltag  and the 
maximum amount of power it would be able to supply. 
 
Voltage is strongly hard to decide, because big cruise 
ships use to have nominal voltages from 6,6 to 11kV 
A.C. That two limits are the most standardized nominal 
voltages for that systems according to the International 
Standardization Organisation (ISO), [1]. Then, as it 
provides the mentioned Standard, high voltage shore 
connections shall be able to supply power with nominal 
voltages of 6,6 kV A.C. and/ or 11kV A.C. In that way, 
if these systems would be able to supply power with both 
nominal voltages, distribution systems will be more 
expensive and hard to design because all connection 
points should offer the same versatility in front of 
Type of 
emission 
Concentration Limit 
value 
Difference against 
limit values 
𝑺𝑶𝒙 
138,15 𝜇𝑔/𝑚3 125 𝜇𝑔/𝑚3 +10,52% 
PM 3,51  𝜇𝑔/𝑚
3 50 𝜇𝑔/𝑚3 -92,97% 
Source: Ajuntament de Barcelona
7. Conclusions
The shore side of any high voltage shore connection instal-
lation is always hard to design for cruise ship harbours due to
the high power demand that this typ of ships uses to need.
peci lly, it is hard to decide design power par meters such as
frequency, voltage an the maximum amoun of pow r it would
be able to supply.
Voltage is strongly hard to decide, because big cr ise ships
use to have nominal voltages from 6,6 to 11kV A.C. That two
limits are the most standardized nominal volt ges for that sys-
tem according to th International Standardization Organisa-
tion (ISO), (ISO/IEC/IEEE 80005-1, 2012). Then, as it pro-
vides the mentioned Standard, high voltage shore co nections
shall be able to supply power with nominal voltages of 6,6 kV
A.C. and/ or 11kV A.C. I that way, if these systems would be
able to supply power with both nominal voltages, distribution
systems will be more expensive and hard to desig because all
c nn ction points hould offer the same versatility in fron of
different on board power plant’s nominal voltages. Otherwise,
if some ships use to repea itin rary at the same ports and have
dedicated berths, other IEC voltage nomin l values may be c n-
sidered.
Frequency is not as hard to decide as voltage because it is
narrowly limited to 50Hz or 60Hz. Once again, a versatile in-
stallation would be the best option. Including frequency con-
verters in design’s final solution will provide to the system more
flexibility and a wide range of cruise ships would be able to use
the system. In Europe, nominal frequency is 50Hz and because
of that, one frequency converter at least, must be installed due
to 60Hz is the most used frequency on board for cruise ships.
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As regards to power demand for hoteling services, it cannot
be estimated with high accuracy. To do it, power load curves
while they are berthed should be provided. But the developed
models are useful to estimate the maximum power they would
be able to demand at full hoteling power load. Then, design’s
nominal power can be estimated. The chosen model for devel-
oping daily’s power curve for Barcelona’s cruise piers, based on
gross tonnage and corresponding to model 3, provides the high-
est results that will assure an acceptable design due to its over-
sizing. But, model 2 is the most standardized obtained model
because can be used for all kind of cruise ships and its correla-
tion factor is the highest one within delete dispersed points.
In contrast, the estimation will have higher accuracy, if model
4 is used to estimate conventional cruise ships and model 3 is
used for estimating not conventional cruise ships. Not conven-
tional cruise ships are defined in that case for the following
types:
• The biggest cruise ships, with lengths over 300 meters
and 125000 tonnes of gross tonnage.
• Very luxurious cruise ships with less passenger’s capacity
than other cruise ships with similar lengths.
In addition, to estimate real power demand and consequently
improve the model a service factor must be considered. A ser-
vice factor of 0,40 applied over the obtained result of integrat-
ing daily’s power demand curve must be included as the final
step of the model.
Checking tables 4 and 5 emission reductions as a result of
using shore to ship connection instead of auxiliary engines, the
conclusion is very clear. Using shore to ship connection reduces
emission levels more than 90% comparing it with using auxil-
iary engines. In addition, the European Union is trying to make
using shore to ship connection easier for all the involved parts
by its recommendations and directives. In contrast, CH4 emis-
sions are higher producing it by power plants than by auxiliary
engines. After analysing the obtained contributions from each
gas over the total, CO2 is once again the most contributing one.
It is difficult and hard to regulate, strongly after the actual situa-
tion of Kyoto’s protocol but some means should be developed to
reduce CO2 pollution coming from ships moreover MARPOL’s
actual means; (IMO Virtual Publications, 2005; The Interna-
tional Council for Clean Transportation, 2011; Lloyd’s register,
2011); such as the Energy Efficiency Design Index (EEDI) and
the Ship Energy Efficiency Management Plan (SEEMP).
It may not be possible in all type of ships because of the
amount of business that depends on the maritime traffic, but it
may be controlled in a more restrictive way for cruise ships. If
that means would not be possible, benefits or privileges could
be awarded for ship owners that will invest and develop new
less-polluting systems in their fleet. Moreover, the concession
of these benefits would contribute in their corporative social re-
sponsibility, increasing at the same time their cruise line image
for people.
As regard to air quality, the Directive 2008/50/EC would be
more complete and easy to apply if each gas and its limit values
were expressed within the same averaging periods. The consid-
eration of installing a high voltage shore connection system at
Barcelona’s cruise piers is completely evaluated. The current
paper provides enough tools and evidences to recommend its
installation and to make a conceptual design and its previous
study.
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